The aim of this study is to approach the possible effect and mechanism of caffeic acid phenethyl ester (CAPE) against the toxicity of Cadmium(Cd) on mice liver. Methods: In vivo assays have been performed by evaluating the oxidative damage marker and the antioxidant parameters, meanwhile, the histopathological changes were also observed. Results: It was revealed that the intoxication of Cd could increase the concentration of oxidative damage and decrease the content of antioxidant system, the impact of Cd on liver damage can be suppressed by the effect of CAPE by lowering the oxidative damage levels and improving the activities of antioxidant enzymes. Conclusion: From the data obtained from the studies, we found that the protection effect of CAPE on Cd toxicity was not solely dependent on the antioxidant effect, however, the evidence of CAPE playing a role in the amelioration of Cd toxicity probably showed that CAPE can be a promising agent in the treatment of Cd exposure.
Introduction
Cadmium (Cd) is a heavy metal of increasing prevalence in our environment to which every one is constantly exposed because of its industrial usage and its emission from fuel combustion [1] . Cd has been recognized as one of the most toxic environmental and industrial pollutants and has been classified by the International Agency for Research on Cancer (IARC) as a category I human carcinogen [2] . Once the metal is absorbed, it is retained within the body with little excretion and thus, even in uncontaminated environment or very low concentration, there is an accumulation of the metal within the vital organs, causing hepatotoxicity, nephrotoxicity, and cardiomyopathy. Many toxic effects of Cd seem to be indirect and due, at least in part, to oxidative stress owing to the generation of reactive oxygen species (ROS) and the reduction of the main antioxidant compounds in the cells by inactivating enzymes and other antioxidant molecules [3] . Our studies also provided evidences for the toxicity mechanism of Cd [4] .
Since natural products have lesser adverse effects than synthetic drugs, there was an upsurge of interest to explore the protective potential of natural products against Cd toxicology. Caffeic acid phenethyl ester (CAPE), identified in propolis (bee glue) from honeybee hives, has been used for many years as a folk medicine [5] [6] [7] . CAPE was shown to have potent anti-oxidative effect against carbon tetrachlorideinduced liver [8] and kidney injuries in rats [9] and mice [10] , and against cisplatin-induced hepatic oxidative damage [11] and improves cellular glutathione (GSH) status. In vitro studies showed that CAPE is effective against experimentally produced liver toxicity [10] . Moreover, the use of CAPE is of less side-effect and without toxicity. Therefore, these advantages of CAPE promote the investigation regarding the potential use of CAPE as a clinical agent against the risk brought by Cd exposure.
Therefore, in vivo experiments were planned, to include oxidative stress indicators (lipid perioxidation(LPO) and protein carboxylation (PCO)), antioxidant defense systems (catalase(CAT), superoxide dismutase (SOD) and GSH) have been designed to test the effect of CAPE against the hepatic damage exposure to Cd. The histopathology of the liver was also evaluated to assess morphological alterations. Our data provide convincing evidences that CAPE can effectively protect against Cd(II)-mediated oxidative damage. Possible interaction of the structure and the protective effect of CAPE have also been discussed. This study may provide some new insights to improve upon and extend the pharmacological utility of CAPE.
Results And Discussion
CAPE is one promising agent against various toxicities associated with oxidative stress and peroxidative damage. CAPE was shown to have prominent antioxidant, radical-scavenging and antiperoxidative activities [5] [6] [7] . Herein, the aim of this study was to investigate the protection effect of different concentration of CAPE (0.1, 1, 10uM/kg per day) on mice hepatic damage induced by Cd(II) (1mg/kg per day) via testing the oxidative markers and antioxidant enzymes systems. Moreover, the histopathological parameter has also been evaluated.
As seen in Fig.1 , the intoxication of Cd can lead to the decrease of the GSH concentration, revealing the possible involvement of GSH in the toxicological mechanism of Cd, and the treatment of CAPE(10 M/kg) against Cd toxicity significantly normalized tissue GSH level (p<0.01), moreover, the effect of CAPE showed a dose-dependent manner, at the dose of 0.1 M/kg , there was no statistic significant between the Cd group and the protection group, providing the evidence that the protection effect is dose-dependent.
The products of lipid peroxidation were recognized as the oxidative marker of Cd-induced tissue damage. The exposure to Cd can lead to a increase in malondialdehyde (MDA) level and this trend was changed by CAPE treatment (p<0.05), however, the effects of CAPE showed a dose-independent way, probably involved in the different protection mechanisms of CAPE against the toxicity of Cd, not solely by the antioxidant effect (Fig.2) .
On the other hand, histopathological examinations also revealed that CAPE treatment showed some protection on Cd-induced lesions (data not shown)
Results of the current study suggested that oxidative stress along with LPO are important features in Cd-induced hepatotoxicity [3] [4] . Although CAPE showed some partial protection on Cd-induced hepatotoxicity, it should be considered that the protective effect of CAPE on Cd hepatotoxicity may not be dependent solely on the antioxidant effect of CAPE. In addition to antioxidant effects, CAPE may also exert its hepato-protective effect by means of different ways.
According to our previous studies [12] , it is suggested that the structural feature responsible for the antioxidative and free radical scavenging activity of CAPE is the ortho-dihydroxyl functionality in the catechol ring. The presence of the electron-donating hydroxyl group at the ortho-position would make the oxidation intermediate and increase the rate of H-atom transfer to peroxyl radicals [13] , resulting in the formation of a phenoxy radical. The ortho-hydroxyl phenoxyl radical is more stable due to (1)the unpaired electron can delocalize across the entire molecule [14] ; (2) the intramolecular hydrogen bonding interaction as reported recently from both experiments [15] and theoretical calculations [16] ;(3) ortho-OH phenoxyl radical and/or ortho-semiquinone radical anion shall be easier to further oxidize to form the final product ortho-quinone.
In conclusion, our study provided evidence for the protection effect of CAPE in the prevention of Cd toxicity, probably associated with its antioxidant effect and other effects. Based on this observation, In addition, we also analyzed the potential relationship between the structure and the antioxidant activity of CAPE. Therefore, CAPE and its related folk medicines represent a promising agent for the prevention and treatment of Cd intoxication. Fig. 1 . The effects of CAPE at different concentration on the hepatic GSH level in Cd(II)-exposed mice. Results are expressed as mean ± S.E., n=6-7 animals per group (**p<0.01vs.Control group; **p<0.01, *p<0.05vs.Cd group) Fig. 2 The effects of CAPE at different concentration on the hepatic MDA level in C d(II)-exposed mice. Results are expressed as mean±S.E.M.; n = 6-7 animals per group (**p<0.01,*p < 0.05 vs. Control group and *p < 0.05 vs. Cd(II) group).
